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(54) ARTICULATED ROBOT AND ITS CONTROLLING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high- 
functional articulated robot having an offset rotary joint of 
small and light construction and bearing a high torque 
and capable of making complicated and precise motions 
with a high payload, whereby track preparation can be 
made simply and smooth operations with quick response 
be performed even of the required motions are 
complicated. 

SOLUTION: A high reduction ratio transmitting and 
torque increasing mechanism is adopted to a rotation 
transmitting mechanism provided inside each joint of an 
offset rotary joint so that adoption of a small-sized motor 
is made practicable, and motion region of an end effector 
3 is divided into a plurality of blocks B and the motion 

conditions of each joint required to make movement to the specified block are turned in 
database block while the instruction of working points in the specified block region is turned in 
database, and track preparation is made in the basis of the block region data till the block of 
the working region, and when the reference point of the block is attained, the intra-block 
working point data is called and the motion of each joint is decided. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
dam ages caused t>y the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In an articulated robot which has at least two or more offset rotation joints by which a rotation 
drive is carried out at the circumference of offset axis of rotation toward which a driving-side arm and a 
follower side arm inclined to an arm axis By motor, incline at the tip of an arm of either a driving-side 
arm or a follower side arm by whenever [ predetermined offset angle ], and the hollow axis of rotation 
by which a rotation drive is carried out is prepared in it free [ rotation ]. An articulated robot 
characterized by fixing the Rota member by which transmission is carried out to an arm end face of 
another side in turning effort from said hollow shaft, and said hollow axis of rotation and said Rota 
member serving as high reduction gear ratio transmission and an increment device in torque. 
[Claim 2] from an output gear member whose number of teeth is more than an input gear member and 
this input gear member to which it comes to fix said high reduction gear ratio driving mechanism 
possible [ elastic deformation ] by a peripheral face turning into a tooth flank in respect of the cam 
actuation to which said hollow shaft with which a cam side was formed in a peripheral face, and inner 
skin engage with a cam side of said hollow shaft slightly - becoming — this output gear member — said 
Rota ~ a member — **** — an articulated robot according to claim 1 which is. 
[Claim 3] For said motor, the axis of rotation is the articulated robot according to claim 1 or 2 with 
which are arranged so that it may become parallel, and a bevel-gear driving mechanism which it 
becomes from engagement with an arm axis, coincidence or external-tooth bevel gear fixed to an output 
shaft of a motor, and internal-tooth bevel gear fixed to a end face of said hollow axis of rotation comes 
to carry out transmission of the turning effort from this motor to the hollow axis of rotation. 
[Claim 4] An articulated robot according to claim 3 with which a case of said motor has become a part 
of arm. 

[Claim 5] Turning effort from said motor to the hollow axis of rotation is an articulated robot according 
to claim 1 or 2 with which a belt transmission device which consists of a timing belt which constructed 
between a pulley fixed to an output shaft of a motor, a pulley fixed to a end face of said hollow axis of 
rotation, this pulley, and said pulley, and was passed comes to carry out transmission. 
[Claim 6] claims 1-5 which are the motors with a brake by which said motor was united with an encoder 
and a tachometer — an articulated robot of any or a publication. 

[Claim 7] claims 1-6 which an output side and an opposite side axis end of said motor shaft are made to 
project, and have prepared a manual rotation controller in a lobe — an articulated robot of any or a 
publication. 

[Claim 8] A control method of an articulated robot characterized by an operating condition of each joint 
being determined by block field DATA by which call appearance was carried out from said data base 
when are an articulated robot's control method and an active region of an end effector is divided into two 
or more blocks, it is put in a database for every block, using an operating condition of each joint 
required to move to a predetermined block as block field data and a block of a working area was chosen 
beforehand. 

[Claim 9] Each joint is the control method of an articulated robot according to claim 8 as comes to carry 
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out motor control independently for every joint so that block field data given from said data base may be 
compared with the present condition of operation and said block field data may be filled. 
[Claim 10] A control method of an articulated robot characterized by calling activity point data within a 
block from said data base, and opting for actuation of each joint when it is an articulated robot's control 
method, instruction of the activity point in a predetermined block field is put in a database as activity 
point data and an end effector arrived at this block field. 

[Claim 11] Are an articulated robot's control method and an active region of an end effector is divided 
into two or more blocks. While putting it in a database for every block, using an operating condition of 
each joint required to move to a predetermined block as block field data Instruction of the activity point 
in a predetermined block field is put in a database as activity point data within a block. An operating 
condition of each joint is determined by block field data by which call appearance was carried out from 
said data base when a block of a working area was chosen beforehand. When said joint drives so that 
these conditions may be fulfilled, it moves to a predetermined activity block. A control method of an 
articulated robot characterized by calling said activity point data within a block, and opting for actuation 
of each joint if an end effector reaches ******** Q f said selected block. 
[Claim 12] the control method of the articulated robot characterize by enable it to send direct 
information , without mind [ which adjoin while it be an articulated robot control method , each joint 
have a processing unit , a joint data base , and a communication link interface , a network constitute so 
that between each joint control unit may exchange immediate data while each joint be connect 
independently with a central controller which control a motion of the whole robot , and being able to 
carry out the parallel control of each joint ] a central controller . 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the articulated robot 
which has an offset rotation joint with the control method of an articulated robot and an articulated 
robot, and its control method. 
[0002] 

[Description of the Prior Art] Conventionally, the articulated robot which has the offset rotation joint 
which has axis of rotation in which the joint carried out the predetermined angle inclination with the link 
axis is proposed (for example, the PCT international public presentation WO 88/No. 03856 official 
report). By a follower side arm making the intersection of an arm axis and offset axis of rotation top- 
most vertices, it is the structure of whenever [ offset angle ] which carries out cone rotation, and by 
preparing two or more these offset rotation joints, it is the easy device of only rotation and, as for this 
offset rotation joint, precise three-dimensions positioning can do an end effector in the extensive 
movable range. And since it is only axial rotation, precise point-to-point control is easily possible, and 
there is an advantage which can tell torque big moreover. Moreover, by connecting many arms at an 
offset rotation joint, a motion like a snake can be carried out for the whole arm, an end effector can be 
moved in a complicated activity path, and it is possible to carry out the motion which the conventional 
articulated robot does not have. 

[0003] However, if many arms are connected in order to realize the above-mentioned function 
effectively, the self- weight of the arm itself will become heavy, the pay load of an end effector decreases, 
there are problems, like a heavy load activity becomes difficult, and the offset rotation joint which can 
acquire high torque by lightweight small more is demanded. 

[0004] On the other hand, although the off-line teaching by the remote teaching method with the direct 
teaching method, a joy stick, etc., a numeric data input, etc. is known for the conventional robot system 
as a location and a method of teaching attitude information, these instruction is the ways a robot teaches 
directly or indirectly the point on the locus from a starting point to a target position in detail. And the 
controlled variable of the motor arranged in between the taught working points at each joint in order to 
move a robot as a directions path was calculated, the orbit was generated, and the controlled variable is 
given to each motor as a command value. Therefore, by the robot of many joints, while it is difficult to 
teach in the case of complicated trajectory generation, count of trajectory generation becomes intricately 
huge, the load of a computer increases, and a speed of response becomes slow, consequently there is a 
problem of a smooth motion becoming impossible. 

[0005] There was combination of a motion of each joint innumerably, and since trajectory generation 
was complicated, by the conventional robot's method of controlling, the speed of response could not but 
become slow moving an end effector from a starting point to a target position especially in the case of 
the articulated robot which has an offset rotation joint as mentioned above. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention can be originated in view of the above- 
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mentioned actual condition, the place made into the purpose can adopt a smaller drive motor, and 
stronger running torque can be told, and positioning of high degree of accuracy can be performed, the 
offset rotation joint of high torque is obtained more by the small light ^yeight, and a payload is by 
connecting [ multistage ] this offset rotation joint to offer the highly efficient articulated robot which 
does the complicated precise motion with a movable range it is large and wide and. 
[0007] Moreover, without needing complicated data processing each time, even if it is the articulated 
robot which has the end effector which carries out the above complicated motions, trajectory generation 
to a target position can be performed simply, and even if it is a complicated motion, the 2nd carries out 
the purpose of offering the control method of the articulated robot which enables a speed of response to 
be able to work smoothly early. 
[0008] 

[Means for Solving the Problem] An articulated robot of this invention for attaining the above- 
mentioned technical problem In an articulated robot which has at least two or more offset rotation joints 
by which a rotation drive is carried out at the circumference of offset axis of rotation toward which a 
driving-side arm and a follower side arm inclined to an arm axis By motor, incline at the tip of an arm of 
either a driving-side arm or a follower side arm by whenever [ predetermined offset angle ], and the 
hollow axis of rotation by which a rotation drive is carried out is prepared in it free [ rotation ]. The Rota 
member by which transmission is carried out to an arm end face of another side in turning effort from 
said hollow shaft is fixed, and it is characterized by said hollow axis of rotation and said Rota member 
serving as high reduction gear ratio transmission and an increment device in torque. 
[0009] As said high reduction gear ratio driving mechanism, although a harmonic-drive device can 
apply suitably, it cannot restrict to this and other epicyclic gear reducer styles, special tooth form reducer 
styles, etc. can be applied. Moreover, by telling turning effort from a motor to the hollow axis of rotation 
by engagement with external-tooth bevel gear fixed to an output shaft of a motor, and internal-tooth 
bevel gear fixed to a end face of said hollow axis of rotation, within an arm, a motor can be arranged so 
that axis of rotation may serve as an arm axis, coincidence, or parallel, a path of an arm can be made 
small, and it is desirable. Moreover, a driving mechanism from said motor to the hollow axis of rotation 
can also adopt belt transmission which consists of a timing belt which constructed between a pulley 
fixed to an output shaft of a motor, a pulley fixed to a end face of said hollow axis of rotation, this 
pulley, and said pulley, and was passed. 

[0010] Constituting in case one apparatus so that a case may become a part of arm about said motor, and 
by considering as a motor with a brake which was united with an encoder and a tachometer, anchoring 
assembly to an arm main part is easy, and menthene NANSU is also easy assembly. Moreover, an arm 
can be held in a predetermined location, without needing a special brake gear. Furthermore, by making 
an output side and an opposite side axis end of a motor shaft project, and preparing a manual rotation 
controller in a lobe, angle adjustment at the time of assembly can be performed manually, and an 
assembly becomes easy. 

[001 1] A control method of an articulated robot of this invention which attains the 2nd purpose of the 
above While dividing an active region of an end effector into two or more blocks and putting in a 
database for every block by using an operating condition of each joint required to move to a 
predetermined block as block field data Instruction of the activity point in a predetermined block field is 
put in a database as activity point data within a block. If a block of a working area is chosen beforehand, 
when an operating condition of each joint is determined by block field data by which call appearance 
was carried out from said data base, and said joint drives so that these conditions may be fulfilled, an 
end effector will be moved to a reference point of said selected block. And if an origin/datum of a 
selected block is arrived at, it will be characterized by calling said activity point data within a block, and 
opting for actuation of each joint. Therefore, since a complicated operation which coordinates a motion 
of each joint with a motion of an end effector, and determines an orbit is not performed, the amount of 
data processing can be reduced exceptionally and speed-ization can be attained. 
[0012] It is also possible to put only either in a database although it is more accelerable by this 
invention's also putting activity point data in a block field in a database with block field data as 
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mentioned above, and controlling combining both. Each joint compares with a current condition of 
operation block field data given from said data base and each joint operates independently in 
juxtaposition by performing motor control independently so that said block field data may be filled to 
move an end effector to a predetermined block field. What is necessary is just to combine two or more 
blocks, when crossing to a working-area wide area. 

[0013] Since a load of a computer is made to mitigate and it enables it to correspond to improvement in 
the speed when carrying out a complicated motion to which an arm surged an articulated robot, 
moreover, in this invention While a joint control means stored in each joint is connected independently 
with a central controller which controls a motion of the whole robot, respectively A network was 
constituted so that between each joint control unit could exchange immediate data, and while being able 
to carry out the parallel control of each joint, it enabled it to send angle information on a direct joint to a 
joint which adjoins at the time of a complicated motion. 
[0014] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to details 
based on a drawing. Drawin g 1 shows the schematic diagram of the articulated robot of this invention. 
While many arms 2 are connected at an offset rotation joint, and a, motion [ like a snake ] whose robot 
arm itself is is possible for the articulated robot 1 of this invention and being able to move an end 
effector 3 with 6 flexibility in three-dimension space, the sense can also be freely moved in three 
dimension. In addition, while the articulated robot of this operation gestalt has the joint camera 4 
suitably as a configuration discernment sensor, the plinth camera is also installed if needed, the tip arm 5 
which is supporting the end effector 3 — free — telescopic motion — and it is formed pivotable. 
Moreover, the rotation joint and shaft-orientations flexible joint which do not have an offset angle 
between the arms connected at the offset rotation joint if needed may be prepared suitably. 
[0015] One operation gestalt of the offset rotation joint of the articulated robot of this invention is 
shown, and the main structural feature is in the following point. 

** The high moderation and the torque increase Hiroki style which has a through tube were adopted as 
the drive driving mechanism of a joint, and precise moderation transmission without an increment and 
backlash of torque was made possible. 

** The external-tooth bevel-gear-intemal-tooth bevel-gear device or the belt transmission device was 
further adopted as turning-effort transmission from the motor to high moderation and the torque increase 
Hiroki style of the joint section, while aiming at high moderation and torque increase more, it made it 
possible to form a motor in same axle in an arm, and contraction-ization of the diameter of an arm was 
attained. 

** It attained the miniaturization while the motor carried out unitization of the sensor means of each 
joint, and the control means to a motor and one as the motor case formed a part of arm, while uniting 
with an encoder, the slip ring, and a tachometer, and it simplified anchoring to an arm. Furthermore, the 
through tube was prepared in the motor shaft. 

** By preparing the slip ring also in the output shaft of the joint section, the free roll control method 
which does not take a hand of cut into consideration carried out adoption possible, and easy-ization of a 
roll control was attained. 

** By making a motor shaft project from the slip ring, and enabling it to rotate a motor shaft manually at 
the time of assembly, as accommodation of gear-tooth doubling at the time of assembly etc. was 
completed easily, easy-ization of assembly was attained. 

** The signal line and power line which transmit a control signal and power to each joint and an end 
effector were devised so that the interior of an arm and a rotation joint could be penetrated and arranged 
and these signal lines or power lines might not be damaged by the driving mechanism of a rotation joint. 

[0016] Hereafter, drawing 2 explains the concrete configuration of the offset rotation joint which has the 
above-mentioned focus. Drawing 2 The shown offset rotation joint shows the condition that are the case 
where use a cylinder-like hand arm as the driving-side arm 6, and the hand arm is being used as the 
follower side arm 7 so that it may be shown, and the follower side arm is connected [ drawing 1 ] at the 
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offset rotation joint of offset angle gamma to the arm axis of a driving-side arm. The tip of arm main 
part 6a of the driving-side arm 6 serves as right-angled right angle opening at the axis, the end face of a 
follower side arm serves as inclination opening of the tilt angle gamma to the arm axis, and the offset 
rotation joint assembly is prepared in right angle opening and inclination opening. 
[0017] The joint rotation driving mechanism section 9 fixed to driving-side arm point 6b by which the 
offset rotation joint assembly in this operation gestalt was fixed at the motor unit 8 and this tip of a 
motor unit, and this driving-side arm point is assembled by one. A tip side is formed in inclination 
opening by right angle opening, as for driving-side arm point 6b, a end face side carries out the bearing 
of the motor shaft tip to right angle opening, and the joint rotation driving mechanism section 9 is being 
fixed to inclination opening. 

[001 8] The motor unit 8 has the motor case 1 0 where it has an arm and a diameter of said, and motor 
case 10 the very thing constitutes the configuration for a part of driving-side arm by carrying out 
connection immobilization of the vertical edge of this motor case like illustration with driving-side arm 
6a and driving-side arm point 6b, and unifying. The motor unit 8 consists of the motor 1 1 formed in said 
motor case 10 and one apparatus, an encoder 12, the slip ring 13, and a tachometer (not shown), and it is 
prepared so that the motor shaft 14 may be located on the same axis as an arm axis, or parallel lines. 
[0019] Positive inverse rotation small control motors of arbitration, such as a DC servo motor, an AC 
servo motor, a direct-drive motor, or a pulse motor, can be used for a motor 11. It is formed in the 
hollow shaft which has a through tube 1 5, and, as for the motor shaft 14, a signal line and a power line 
can penetrate the interior now. From the motor case, the exumbrella gear 17 with which the through tube 
which is open for free passage to the through tube of the motor shaft 14 was formed is fixed to a 
projection and a point, and bearing of the rotation of the end face section and the point of the motor shaft 
14 is made free to them at the end face side of driving-side arm point 6b. Moreover, the rotation knob 16 
is fixed to the end face section of the motor shaft 14, and it has come to be able to free angle 
accommodation of an offset rotation joint manually at the time of assembly. 

[0020] The joint rotation driving mechanism section 9 consists of the stator section which is a driving 
side, and the Rota section which is a follower side, the stator section is connected with driving-side arm 
point 6b, and the Rota section is connected with the follower side arm 7. And a harmonic-drive device is 
constituted and turning effort is told to a follower side with a high reduction gear ratio from a driving 
side so that it may explain in full detail below in the stator section and the Rota section. 
[0021] It is fixed to driving-side arm point 6b used as inclination opening, and the stator housing 20 
makes free bearing of the rotation of the cylinder shaft 21 with which the through tube 22 was formed in 
the center section through bearing 23. Bearing of the rotation of the point of this cylinder shaft 21 is 
made free also to the Rota housing 30 through bearing 26. Therefore, as for this cylinder shaft 21, only 
offset angle gamma will incline to a driving-side arm axis. The internal-tooth bevel gear 24 which mesh 
with the external-tooth bevel gear 17 attached in said motor shaft are being fixed to the end face side of 
the cylinder shaft 21. 

[0022] Moreover, the bearing flange 31 from which a peripheral face constitutes an elliptical cam is 
formed in the upper part of the cylinder shaft 21, and bearing 27 is formed between this bearing flange 
peripheral face and the upper limit section inner skin of the input gear member 32 fixed to said stator 
housing 20. As the input gear member 32 is shown in drawing 2 , it is formed in the shape of [ from 
which the lower limit section is the mounting-flange section 33 ] a cylinder, and the cylindrical-shell 
section 34 is formed by the metal material in which elastic deformation is possible, and the external 
tooth 35 is formed in the upper limit section peripheral face. 

[0023] On the other hand, while the output gear member 37 in which the internal tooth 36 which gears 
with said external tooth 35 is formed is fixed to inner skin by the Rota housing 30 and bearing of the 
rotation of this output gear member is made free to the stator housing 20 through the ring member 38 
and bearing at it, the upper limit section is being fixed to the follower side arm through Rota housing. 
Many (for example, two sheets) numbers of teeth are formed from the external tooth 35 of the input gear 
member 32 which carries out elastic deformation, and the internal tooth 36 of the output gear member 37 
is with the cylinder shaft 21, the input gear member 32, and the output gear member 7, and constitutes 
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the harmonic-drive device in which turning effort is transmitted with a large reduction gear ratio. 
[0024] The slip ring 40 is formed also between the crowning of the cylinder shaft 21, and the Rota 
housing 30 (output gear member 37), and it could be made to perform the free roll control which does 
not take a hand of cut into consideration. Moreover, when it attaches in the joint section between said 
arms, a proper seal means is attached in the rotation contact section, and the seal of drawing inside a 
robot arm is in the joint rotation driving mechanism section 9 so that the foreign matter of gas, or water 
and others may not invade into the space section inside an arm from the exterior through the rotation 
contact section. In addition, 43 in drawing is the protection cylinder of the shape of a trumpet fitted in 
and prepared in the through tube of the internal-tooth bevel gear 24, in order to protect so that the signal 
line which penetrates the intemal-tooth bevel gear 24 may not be damaged. Moreover, although not 
illustrated, the rotation home position detection sensor is formed between the input/output shaft at the 
harmonic-drive device. 

[0025] If the joint rotation driving mechanism section 9 is constituted as mentioned above, and 
constitutes an offset rotation joint assembly for the motor unit 8 and driving-side arm point 6b by 
assembly ****** in one, it assembles it beforehand and it is set for every joint, since it should just carry 
out sequential connection of a driving-side arm and the follower side arm through this offset rotation 
joint assembly on the occasion of an articulated robot's assembly, it is easy an assembly. Moreover, 
since what is necessary is just to exchange this offset rotation joint assembly when an offset rotation 
joint breaks down, a maintenance is also easy. In addition, on the occasion of the assembly of an arm, 
connection on the follower side arm of the joint rotation driving mechanism section 9 can be performed 
by fixing the output gear member 37 to the follower side articular disk 42 by which inclination opening 
immobilization of the follower side arm 7 is carried out through the Rota housing 30 like direct or 
illustration. 

[0026] By attaching as mentioned above, axis of rotation of the joint rotation driving mechanism section 
9 will do the angle gamma inclination of to the arm axis LA of the driving-side arm 6. Consequently, 
gamma becomes whenever [ offset angle ] whenever [ tilt- angle ], and gamma will carry out cone 
rotation of the follower side arm 7 whenever [ offset angle ] by making the intersection of the offset axis 
of rotation LB and the arm axis LA into top-most vertices. Therefore, a very complicated motion of 
three dimensions can be carried out only in the combination of rotation by combining two or more these 
offset rotation joints. 

[0027] Next, actuation of the joint rotation driving mechanism section 9 constituted as mentioned above 
is explained. A drive of a motor 1 1 rotates the cylinder shaft 21 with a predetermined rotational speed 
through the external-tooth bevel gear 17 and the internal-tooth bevel gear 24. In that case, by making the 
intemal-tooth bevel gear 24 into path size, it can slow down according to a diameter ratio, and big torque 
can be generated by the small motor. And since it is engagement of bevel gear, neither a slide nor a 
backlash is also almost and it can transmit correctly and calmly. When the cylinder shaft 21 rotates, the 
major-axis section peripheral face of the elliptical bearing flange 31 currently formed in the peripheral 
face of this cylinder shaft pushes the cylindrical-shell section 34 of the input gear member 32 according 
to a cam operation through bearing 27. Thereby, the cylindrical-shell section 34 of the input gear 
member 32 carries out elastic deformation, and an external tooth 35 gears with the internal tooth 36 of 
the output gear member 37. therefore, the time of the engagement position of an internal tooth and an 
external tooth carrying out sequential change along with rotation of a cylinder shaft, and a cylinder shaft 
rotating one time - the output gear member 37 - a number of teeth with an input gear member - only 
difference will rotate. Therefore, if the number of teeth of an input gear is set to Zi and the number of 
teeth of an output gear member is set to Zo, a reduction gear ratio serves as (Zo-Zi)/Zo, and can obtain a 
big reduction gear ratio. 

[0028] Therefore, in addition to the aforementioned external-tooth bevel-gear-internal-tooth bevel-gear 
driving mechanism, a big reduction gear ratio can be further obtained according to a harmonic gear 
device, and bigger running torque can be obtained by the small motor. This is that which can attain 
small lightweight-ization for a robot's joint, and is very advantageous as a robot's joint device. 
Moreover, since a motor is made in agreement with an arm axis and can always be attached regardless 
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of whenever [ offset angle ] by adopting an external-tooth bevel-gear-internal-tooth bevel-gear driving 
mechanism, it is not necessary to enlarge the diameter of the arm of the joint section, and can constitute 
in the shape of [ narrow diameter ] a pipe as the whole multi-joint arm, and a self-weight can be 
decreased. 

[0029] Moreover, since said reducer style gears by the elastic deformation of the cylindrical-shell 
section of an output gear member, there are many simultaneous interlocking numbers of teeth, the effect 
of the rotation precision on a dental pitch error is equalized, and high rotation precision is acquired. 
Therefore, it is effective also as a joint of the robot which high positioning accuracy is conjointly 
acquired more with an offset rotation joint device, and requires a very precise motion. Furthermore, 
rolling contact is not carried out, and since peripheral speed is also low, a gear tooth and a gear tooth are 
very quiet, and there is also little vibration. Therefore, it is quiet, and a motion of high degree of 
accuracy requires for example, is suitable as joint devices, such as a care robot. Moreover, since the 
same joint rotation driving mechanism section also as each joint is adopted, various combination can do 
the reduction gear ratio of each rotation joint easily only by only changing gear ratio, for example, the 
joint section near a base side can be suitably combined easily so that it may be made late and the joint 
section of the portion near an end effector may be carried out early. 

[0030] Moreover, since it is a motor with a brake, even if a motor does not form a special actuator, it can 
hold a rotation location strongly, can continue holding a big load certainly in a predetermined location, 
and is safe. For example, since brake actuation will be automatically carried out if rotation of a motor 
stops by interruption of service etc., while being able to hold the location and being safe, an actuator can 
be operated like before, it is not necessary to maintain a braking condition, and energy saving can be 
aimed at. Moreover, since robot arms including a joint can be penetrated in midair from a base to an end 
effector as mentioned above as the focus with the big offset rotation joint of this operation gestalt and 
the seal of the rotation sliding surface has been carried out completely, it is being able to intercept the 
centrum inside an arm completely with the exterior. 

[0031] Drawing 3 shows other operation gestalten of the offset rotation joint of this invention. The same 
sign is given to the same member as said operation gestalt, and only difference is explained. With this 
operation gestalt, the belt transmission device by the timing belt is adopted as a driving mechanism of 
the joint rotation driving mechanism section from the motor 50. That is, a timing belt 54 is constructed 
and passed between the pulleys 53 which fixed the pulley 52 with a gear tooth to the output shaft 51 of a 
motor, and were fixed to the lower limit of the cylinder shaft 21 , and turning effort is transmitted to it. 
Therefore, in that case, by making a pulley 53 into path size from a pulley 52, it can slow down 
according to a diameter ratio, and big torque can be generated by the small motor. And since it is the 
transmission by the timing belt, neither a slide nor a backlash is also almost, and it can transmit correctly 
and calmly. 

[0032] In addition, in this example, the driving-side arm is continuing to a point and the motor assembly 
57 is being fixed to the motor anchoring housing 56 fixed to the stator housing 55 of the joint rotation 
driving mechanism section attached in the tip opening. Therefore, the motor shaft is attached in parallel 
with the axis of the cylinder shaft 21 of the joint rotation driving mechanism section. With this operation 
gestalt, carry out axial connection, synchronize two or more (drawing two pieces) motors, and a motor 
assembly enables it to make them have operated, and when torque runs short only by one motor, it can 
acquire big torque only by the small motor by connecting a motor. In addition, 58 is a home position 
detection sensor. 

[0033] Next, the operation gestalt of the control method of the articulated robot of this invention is 
explained about the articulated robot using the above-mentioned offset rotation joint. Drawin g^ is the 
block diagram showing the fundamental configuration of the control method of the articulated robot of 
this invention. The robot system of this operation gestalt consists of a work-plan system A, a 
manipulator system (the drive activity section containing an arm, a joint, an end effector, and the control 
section that controls these directly is pointed out) B, and an image recognition system C. 
[0034] The work-plan system A consists of manual control input devices 73, such as a joy stick or a 
keyboard, as the object for remote instruction, or an object for manual operation the various data bases 
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70, the work-plan means 71, the trajectory generation means 72, and if needed. All information and data 
required for the work plan for making an activity required for a robot do are determined and inputted 
into the various data bases 70. As information and data required for a work plan, there are gestalt 
information on an articulated-robot main part (for example, the functional configuration of each joint, 
the functional configuration of an end effector, etc.), installation information on an articulated-robot 
main part (operating range of an articulated-robot main part, the camera for image recognition, and a 
fixed position coordinates, such as an object, and an articulated robot etc.), and an articulated robots 
operating instructions (decision information, such as manual operation mode, the program operation 
mode, and autonomous-working mode). And the block field data for every block by which block 
instruction was carried out beforehand mentioned later is also stored. Moreover, by ROM-izing the 
various activity data bases which put in a database various basic work contents, such as an object 
configuration data base which put the configuration of various kinds of activity objects etc. in a 
database, an assembly method, and the processing method, various activities can be called from a data 
base and can be carried out to the object of various configurations. 

[0035] The work-plan means 71 teaches the location for making it work to an articulated robot, attitude 
information, sequence, working condition information, etc., forms a work plan combining information 
from the information beforehand ROM-ized by various data bases, the information from an image 
recognition system, or an external input, and teaches it to the trajectory generation section 72. The 
trajectory generation means 72 calculates the motor of each joint for moving an articulated robot in 
accordance with the directions path for performing the taught work content, and the controlled variable 
of an end effector, and orders the manipulator system C them. With this operation gestalt, there are the 
hand force / torque command, a hand angle command, a hand location command, and a camera field-of- 
view command as a command from a trajectory generation means. 

[0036] A joint torque distribution means 75 by which the manipulator system B determines the joint 
torque of each joint according to the hand torque command from the trajectory generation means 72, a 
joint angle count means 76 to calculate the joint angle of each joint based on a hand angle or a hand 
location command, and the servo motor 80 formed in each joint 79, It consists of a tachometer 81, the 
joint unit means which consists of encoder 82 grade and the force/torque sensor 87 prepared in the end 
effector 86, an angle sensor 88, and gravity sensor 89 grade. It served both as the communication link 
interface shown in drawin g 6 mentioned later, said joint torque distribution means 75, and the joint 
angle count means 76 at each joint, and it is equipped also with GPU which performs activation and a 
report of a command, and the joint data base. 

[0037] The arm length of each joint beforehand ROM-ized by the joint torque distribution means 75 at 
the data base, An offset angle, an angle-of-rotation rate constant, many constants of a servo motor, a 
reduction gear ratio, the constant of a tachometer, The partition law of the joint torque based on the data 
of each joint propers, such as a controlled parameter of the constant of an encoder, an angle, and speed, 
is ROM-ized. The amount of speed control of each joint for realizing a certain fixed time-of-day hand 
force / torque command sent from the trajectory generation section based on this partition law is 
determined, and it is sent to juxtaposition at each joint. Similarly, with the joint angle count means 76, 
the angle of each joint for realizing the hand angle command from a trajectory generation means and a 
hand location command is calculated, and it is sent to juxtaposition as an angle controlled variable at 
each joint at each joint. 

[0038] At each joint, based on the amount of speed control from a joint torque distribution means, a 
speed control signal (current control) is sent to a servo motor 80 through a servo amplifier 84 from the 
speed-control means 85, and the rotation drive of the servo motor of each joint is usually carried out in 
juxtaposition at coincidence. The rotational speed of a motor is detected by the tachometer 8 1 , and the 
detection result is fed back to a speed-control means, and is controlled to reach desired value. Moreover, 
based on an angle controlled variable, the angle control signal from the angle control means of each joint 
is similarly sent to a servo amplifier 84 from the joint angle count means 76, it is united with said speed 
control signal, and a servo motor 80 is driven. Angle of rotation of a motor is serially detected by the 
encoder 82, is fed back to the angle control means 85, and is controlled to reach desired value. 
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[0039] Although movement of each arm by rotation of the servo motor of each joint is compounded and 
an end effector 86 moves, a motion of an end effector 86 is detected by the force / torque sensor 87 
prepared in it, an angle sensor 88, and the gravity sensor 89, and it is fed back to the joint torque 
distribution means 75 and the joint angle count means 76, and the above control is repeated until the 
motion obtains target torque, an angle, and a location. If a hand's location and angle reach a 
predetermined value, the activity will be ended, and it moves to the next activity. Then, image detection 
of a new hand's location and the condition of the neighborhood is carried out with a joint camera and a 
plinth camera, and it prepares for the next activity. 

[0040] The image recognition system C The plinth camera 90, a joint camera (not shown to drawing 4 ), 
It consists of camera-control rule generating means 91, such as a camera angle / zoom control which 
controls a camera based on the command of the trajectory generation means 72, a configuration extract 
means 92 of the aim to extract a target configuration from a camera image, and a configuration decision 
means 93 of an object. The magnitude of a configuration is computed, while extracting a three- 
dimension position coordinate to an articulated robot's installation coordinate and performing fixing of 
an object based on the comparison (collating) with each joint signal of an articulated robot, each CCD 
image, and a configuration data base. 

[0041] Next, the flow chart which shows the fundamental operations sequence of the articulated robot of 
this operation gestalt which consists of the above systems to drawing 5 explains. If an activity is started, 
while calling the initial value of a multi-joint arm, an end effector, and a camera from the various data 
bases 70, each of a call, a multi-joint arm, an end effector, and a camera is set as a initial value for the 
configuration of a multi-joint arm, the configuration of an end effector, and the information on a camera 
system. By that cause, a camera line of sight and an angle of visibility are initialized (step 1), a camera 
carries out signal processing of a counterpart and the image for the hit of an activity object based on it, 
and an objective outline configuration is extracted (step 2). As the method of signal processing, binary- 
izing or the method of multiple- value-izing and extracting an objective outline configuration, the method 
of connecting the ******** field of the degree with the same brightness, and extracting an objective 
field, or the method of connecting the******** field of the color of the same degree and extracting an 
objective field is employable. And an aim is extracted out of the extracted configuration (step 3), the 
objective outline configuration and objective field configuration which were extracted are collated with 
the data base in which the configuration of an activity object is stored, and the location and posture of an 
activity object are presumed (step 4). And the obstruction of the bodies other than an activity object is 
carried out, and the location and posture are memorized. 

[0042] As mentioned above, presumption of the location and posture of an activity object and an 
obstruction draws up a work plan in a work-plan means based on this presumed signal (step 5). A work 
plan will determine a hand's terminal location and terminal posture based on data, such as the controlling 
method stored in the data base, or work contents (assembly, processing, welding, trial, etc.) which are 
taught beforehand and stored in the execution file, if the location and posture of an activity object are 
given. Subsequently, the orbit to a hand's posture to starting point location, end point location, and end 
point posture is calculated with the trajectory generation means 72, and a controlled variable is obtained 
(step 6). Then, a hand orbit is decided to avoid the obstruction obtained from image information, and an 
orbit is generated. 

[0043] As a command required if trajectory generation is made, in order to generate an orbit to an offset 
rotation joint and an end effector, a hand location command, a hand angle command, and the hand 
force / torque command are given to the joint angle count means 76 of a manipulator system, and the 
joint torque distribution means 75 (step 7). By those commands, a hand moves in accordance with an 
orbit, and the time series value of each joint angle is calculated so that a drawing arm may avoid the 
obstruction obtained from the image (steps 8 and 9). Based on it, joint speed control of each joint and 
joint angle control are performed (step 10, step 1 1), rotation of a motor is controlled, and it moves in 
accordance with a joint / end effector orbit. 

[0044] if migration is completed - the force / torque detection of a hand, and gravity detection of a hand 
~ carrying out - step 8 - feeding back (steps 13 and 14) - angle detection of a hand is performed and it 
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feeds back to step 9 (step 15). And actuation will be ended, if a hand's location and angle judge whether 
it became a predetermined value (step 16) and become a predetermined value. When it is not a 
predetermined value, the control same to step 2 as return is repeated. Since the joint/end effector is 
moving in that case, a joint camera moves in connection with it, and the new image by migration is 
given to step 2 (step 1 7). Similarly, the image of a result which moved is given to step 9 also from a 
plinth camera (SUTETSU 1 8). 

[0045] Although the above is an articulated robot's fundamental control method in this invention, each 
joint is an offset rotation joint and the articulated robot of this invention can choose the free sense and 
free location in three-dimension space of the end effector implementation was difficult the end effector 
by the three-dimension robot conventional only by each joint carrying out offset rotation. And it is 
possible to work also to the activity object in the locations (for example, back of an obstruction etc.) 
which must pass through a complicated path until it can carry out the motion to which the combination 
of a motion of each arm surged like a snake, for example, an end effector reaches an activity object. It 
faces doing a complicated activity taking advantage of this property of the articulated robot of this 
invention. Like before For example, if the orbit from the starting point of an end effector to a target 
position is taught for instruction of a working point, and between the taught working point is calculated 
as a controlled variable of the motor arranged at each joint of an articulated robot and carries out 
trajectory generation The information on a very huge amount must be processed for every time of day, 
the load of a computer increases, and there is a trouble that a speed of response becomes slow. 
[0046] So, in this invention, in order to cancel the above-mentioned trouble, the network of the ** each 
joint and central computer in the new task teaching method which adopted the ** block teaching method 
in the following work-plan systems especially, and a manipulator system was built. 
[0047] ** Divide the movable range of the block teaching method and an effect (active region) into two 
or more rough blocks B. The block instruction method which teaches the orbit to the block with which 
the working area of an end effector exists per block, and puts it in a database, When the activity for 
which it opted in the range where an end effector is narrow was done, by [ with the activity point 
instruction method which teaches and puts the work content in a database by the work unit ] both 
combining law, it made it possible to shorten data-processing time amount by leaps and bounds. 
[0048] If it explains in full detail, as shown in drawing 1 , the block instruction method makes the active 
region of an end effector a rough block at division (drawing 54 blocks), teaches beforehand the specific 
angle of rotation and the specific angular rate of rotation of each joint required to move to the block, and 
puts them in a database. Although there is moving trucking to each block innumerably, since a motion of 
each joint is prescribed by only angle of rotation, if the combination of angle of rotation of each offset 
rotation joint in the condition that an end effector is located is specified and put, for example on the 
reference point of a certain block, and a block is specified, the conditions of each joint to locate an end 
effector in the block can ask from a data base in an instant. In the example of illustration, if 54 kinds of 
data bases are prepared at worst and the path which moves will not be limited, a working point will be 
taught to the target block also from which block of an end effector in an instant using this data base, and 
an orbit will be generated. 

[0049] Moreover, when a working area starts a block boundary region, the touching block is chosen, and 
the data base about actuation of each joint of the block is called and controlled automatically. Moreover, 
when a working area crosses to a wide area beforehand, the method of working combining two or more 
blocks is taken. The combination of a block has the method of horizontal typesetting, ****, and a group 
in every direction, and these will be called from a data base. 

[0050] What is necessary is for migration within the block after an end effector arrives at the criteria 
location of the block with which a working area exists to store instruction of the same working point as 
usual, and instruction of a work content in the execution file, and just to perform it by calling it. Or what 
is necessary is to draw up a work plan with the image information and the optimal control law from a 
joint camera or a plinth camera, and to automate it, or just to operate manually with a joy stick etc. In 
that case, since it is only migration within a specific block, trajectory generation can be carried out in 
little [ there are few joints which operate and ] data processing, and there are few burdens of a computer 
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and they become accelerable. 

[0051] Furthermore, if it is the activity the activity within a block was decided to be as mentioned above 
(for example, an assembly method, the processing method, welding process, the examining method, 
etc.), and the work content for every block is taught and put in a database, and the block of this working 
area 'is reached, the orbit for the work content within a block will be generated in an instant by calling 
from a data base. Since there are few joints in the narrow range within a block which carry out movable, 
the work-content instruction data put in a database can be used not only with a specific block but with 
other blocks, copying, as compared with the conventional robot control system, it is easy to control and 
they can accelerate it. Furthermore, by function-izing the contents of instruction, a motion is reducible 
and expandable and can be applied. 

[0052] ** In order to build the network network of each joint, as shown in a block diagram, out of the 
device system 1 00, each joint had the joint data base ROM 101, the objects ROM1 02 and CPU1 03 for 
starting, and a communication interface 104, and equips drawing 6 with communication facility. The 
data of each joint propers, such as a controlled parameter of arm-length [ of the joint ], offset angle, and 
rotation each rate constant, the constant of a servo motor, many constants of a tachometer, the constant 
of an encoder, an angle, and speed, is stored in the joint data base ROM. 

[0053] And with this operation gestalt, as a signal line to each joint signal, there are a whole signal line 
105 and an individual signal line 106 substantially, and it comes to be able to carry out the change use of 
both, and a network is constituted and it is. For example, the whole initial setting becomes easy by 
notifying to whether delivery and this joint are in a whole signal at what position, and what kind of joint 
the communication link interface has led the contents of the joint data base of self with the seizing signal 
from the upstream on an individual signal line at the power up to a control computer and all joints. 
Moreover, as mentioned above, each joint is suppliable with other joints, since the combination of a 
motion (rotation) of each joint will be innumerably to form a robot orbit and the motion of one joint will 
not be interlocked with a motion of an end effector directly, if the offset rotation joint of this invention is 
adopted by forming a network, even if one joint breaks down. 

[0054] In block instruction, as typically shown in drawin g 7 , by connecting each joint with a joint 
torque distribution means and joint each count means according to an individual through a whole 
communication wire, each joint can perform activation of a direct command, and the report of a result, 
and the activation of the orbit based on block instruction of it is attained. Moreover, when carrying out a 
motion which is a snake and which surged, it is an individual signal line and the angle of the joint by the 
side of an adjoining tip is sent to the joint by the side of the end face which adjoins reception and its 
joint angle. There can be no communication link with the computer which controls the whole by that 
cause, the burden of a computer can become light, operation speed can be raised, and a complicated 
motion can be made smooth. 

[0055] Although the above explained the case where it worked with a single articulated robot, it is 
possible to also make it work by installing two or more above-mentioned robots, and two or more robots 
having two incomes. 
[0056] 

[Effect of the Invention] According to the articulated robot and its control method of this invention, the 
following exceptional effects are done so as mentioned above. Since a follower by-pass link makes the 
intersection of a link axis and offset axis of rotation top-most vertices and whenever [ offset angle ] 
carries out cone rotation, by preparing two or more these offset rotation joints, the offset rotation joint of 
this invention is the easy device of only rotation, and can perform precise three-dimensions positioning 
in the extensive movable range of an end effector. And since the rotation joint driving mechanism 
section in a joint serves as high reduction gear ratio transmission and an increment device in torque, a 
small drive motor can be used for each joint, it can tell stronger running torque, and can form a joint in a 
small light weight. For the articulated robot of a multiple string, this is very advantageous, and the high 
offset rotation joint of a payload can be obtained more by the small light weight, and it can obtain the 
highly efficient articulated robot in which precise point-to-point control is possible. 
[0057] Furthermore, by ** transmitted by high reduction gear ratio transmission and the increment 
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device in torque, the transmission from a motor to said rotation joint driving mechanism section can also 
tell still stronger running torque, and can form a joint in a small light weight. Even if it is the rotation 
joint which has an offset angle by adopting the interlock using bevel gear especially, a motor axis can be 
made in agreement with an arm axis, and can be installed, and the diameter of an arm can be made 
small. 

[0058] Moreover, without consuming power also at the time of interruption of service, since the special 
actuator which constitutes a brake mechanism by adopting the motor with a brake which was united 
with the encoder and the tachometer in said motor is not needed, a location can be held as it is, and 
while safety is high, energy saving can be aimed at. And an assembly and maintenance control are easy 
by carrying out unitization so that a motor case may constitute a part of arm. 

[0059] Since the articulated robot of this invention can form the whole arm containing an offset rotation 
joint and a coaxial rotation joint in a continuation hollow barrel By preparing a flexible hose etc. in an 
arm, it can be used as supply ways, such as various material, and energy or a signal, from a direct robot 
main part. And this supply way is in an arm cylinder, since it is not put to direct external environment 
and protected, the material supply by the harsh environment etc. is attained and the robot which can 
apply to versatility much more can be obtained. 

[0060] Trajectory generation to a target position can be performed simply, without needing complicated 
count only by specifying the block with which a working area exists, even if it is the articulated robot 
which does the motion with a complicated arm according to the control method of the articulated robot 
of this invention, and the motion with an early smooth speed of response is made possible. 
[0061] Moreover, according to invention of claim 10, the orbit for the work content within a block is 
generable at an instant by calling a work content from a data base in a specific working area. And not 
only with a specific block but with other blocks, a copy or a motion is reduced and expanded, the 
instruction data of the work content put in a database can apply it, as compared with the conventional 
robot control system, it is easy to control and they can accelerate it. And it is possible in shortening data- 
processing time amount by leaps and bounds like invention of claim 1 1 by [ of the block instruction 
method and the activity point instruction method ] both combining law. 

[0062] Furthermore, direct information can be send without mind [ which adjoin while being able to 
carry out the parallel control of each joint ] a central controller according to invention of claim 12, not 
only the case of the activation based on the trajectory generation based on block instruction data but 
when carry out the motion which surged the arm like a snake and move an end effector in a complicated 
path, the burden of a whole control computer can be lessen and operation speed can be bring forward 
much more. Moreover, initial setting is also easy. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation . 



l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION O F DRAWINGS . , 

[Brief Description of the Drawings] 

[Drawing 11 It is the perspective diagram showing the working state of the articulated robot concerning 
the operation gestalt of this invention. 

[Drawing 21 the offset rotation joint section of the articulated robot concerning the operation gestalt of 
this invention is shown - it is fracture front view a part. 

[Drawing 31 the offset rotation joint of the articulated robot concerning other operation gestalten of this 
invention is shown — it is fracture front view a part. 

[Drawing 41 It is a block diagram based on the articulated-robot control method concerning the 
operation gestalt of this invention. 

[Drawing 51 It is the flow chart which shows the actuation. 

[Drawing 61 It is the block diagram of the joint section which constitutes the network in the articulated- 
robot control method concerning the operation gestalt of this invention. 
[Drawing 71 It is a network configuration conceptual diagram. 
[Description of Notations] 

I Articulated Robot 2 Arm 
3 End Effector 4 Camera 

5 Tip Arm 6 Driving-Side Arm 
7 Follower Side Arm 8 Motor Unit 

9 Joint Rotation Driving Mechanism Section 10 Motor Case 

I I 80 Motor 12 82 Encoder 

1 3 Slip Ring 1 5 Through Tube 

16 Rotary Knob 17 (External Tooth) Bevel Gear 

20 Stator Housing 21 Cylinder Shaft 

22 Through Tube 24 Internal-Tooth Bevel Gear 

30 Rota Housing 32 Input Gear Member 

37 Output Gear Member 40 Slip Ring 

50 Motor 54 Timing Belt 

55 Stator Housing 57 Motor Assembly 

58 Home Position Detection Sensor 70 Data Base 

71 Work-Plan Means 72 Trajectory Generation Means 

73 Manual Control Input Device 75 Joint Distribution Means 

76 Joint Angle Count Means 79 Joint 

81 Tachometer 84 Servo Amplifier 

100 Device System 101 Joint Data Base ROM 

1 03 CPU 1 04 Communication Link Interface 
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DRAWINGS 



[Drawing 61 
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[Drawing 3] 
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[00091 HUiBia^tteBmm^ u-c, 
10 x-ft<, 

{z.±oxfcjLZ>£?\z-tz>z.t^±ix. r-Artr^e 
- * zm&Wimfr r- <h -ffcxi* W £ ft £ <t 5 

-tr#, S^U^o M15^-*tf^*£[el«EW^<7> 
[001 0] Mia^e— ^fc-Sr— x#r— ao— ttfctt* 

. [0 0 11] ±iafB2 0iWSr»*-r6*»WO*BBje 
zmtii-r ^ t «9l2*r - * ^- * «fc *> 

so [0 0 12] ±E©J:5I:^p ^^««cx- 
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[0 0 13] 3=fc. #Haso^3/ h«:r-^5fcofc 

*«W»i" 6 * A = ^ H 13 - 7 ^ ^th^tim^L L 
X»l*S;h/0^fc#l^ '#BB««WHfi«IB 1 bi«*7 if - 

[0 0 14] 

h^MB&I^^LXt^o **WO#H«»*S' h l 

hT— Agfo& s i£coJ: 5ftS)#3& s *JI6X-. 3&tl 
^mfax^is y^y^t* 3^:6 g&gxi£»)X#&£ 

11* »*tBBU."fe>'*fc LXB*#*94*iM:«*/0> 30 
[0 0 15] *^0^(^#g|fflio^!y h*)*^** hlHlte 

LX, T-A8^ll'Wk«:Bofc fl 



®* y ^y ^^*BB«»otti**Hit>K»t*r k ic J: 
IBLTEl(Bfil«i^*fi<k;*Bloft:o 
^»W--*«i*[IHEX# 5 J: 5 £ Wot, 

Si--5fs^i»-^«)^i»^, T-ARt«H]teH«tf>rtas* 
[0016] £ATx ±IEW»jS*r«-r-5^7*y ^0*5 

— A^sb«yr-ix6 t u ^fcr-A£t£»jiiijT-A 

7 £ LTt>£»&-C;fc*K tt»«T— A#«M(T--A 

ll@5T^^^ttx^5^^^urv^o iEfbflujr-A 

[0 0 17] *Sllfi»tB(3:*3*+*^-7-fey MsH&BBflttB 

btiX\<^Z>o K«h«T-Ajfe«»6 bfl. StfMRJftSfiA 
^e-^ttJfeMSrttSi+U. «*»MPffiKflH«@eetb 
[0018 ] ^—^3.- y h 8f*. r-A^^^^"i- 

e b hm&mz. \~x-mk-rz> ^t\^x<>x. 

1 o e*^8B»«r— AW— «5S:»a;S:«fi8;LTt> 

5 o ^^yhsii HtrfE^e— ^ i o t-& 
mz.MtfL£tlti*—? 1 1. ^y^^ 
y>-^l 3, S:t;iH]$E5gSf+ (H^UT/kl-^) 
9, *tti 4^T-A««li:l^— *MS±Xfi¥fti» 

[ooi9] i i DCt-**-^, ACi^ 

JBXt«b^iRd 5 KiiX#5J:5(-^oXV>6o ^e-^tt 
l 4^SiS^t^5fe«a5Ji i e-^^-^*^^mL, 5fe 
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$61 4 0Sffi^lcii(H3teffi^l 6#HJ6S*U fi&B#fc: 
^■7 ir : jy h EHEHtt^ftft ¥tt"e S * Id T- # 5 <fc 

[0 0 2 0] B8fflilHiee«lffil»SB9li, BMMM 

10 0 2 1] OH, fft^BRPAi: 

g&ii^r y ^2 6^uo-^^^3 ofcfc 

[0 0 2 2] £fc> P3fSi«l2 1 0±ttlCttftJHIB*SMn 

tt$77^»lliB^ itfrfEXx — 2 0(C 

@££;ftfcA;^TgIS*t3 2 0±«J*|SrtJHB& ^PaliC^ 

(H2{i^tJ:5(w T*ttdW77>^»3 3i4o 

S*u ^olW)Slil:i^*3 5^ 

[0 0 2 3] P-^/N^yy^3 0I^.^M 

8Kt/^<r y l^S:^LT*7 L -*^£v ? >'£ r 2 

^$ttr^9, R|B(*2K-AM7»»3 2, £tW=¥ 

[0 0 2 4] RfS**2 l<Dm&kv-*^?i?>'#'3 0 
<fcH2>*T«Mr3 7) irOMKfc^y yy"V OS: 

KLfc. g|fii@ee»*«^9lcil 



ib\ 8*4 311 ft®^«<2 4 

^LTl^^ /n— *=-y* K^^SBII^ A^ 

[0 0 2 5] BBMSDC6lkMWI«9tl. ^-h£>£ b \zm 
/£S*U h 8 £i&»flli]T-A&$S^6 b 

' &«ttLTVMtfiftVMO-C, * 

SWT 3 7 4:, 

20 O^r^L-C, tfcgrtUT — A7^)«j»BBPttH£StLXl^ 
5fiMMMB8««4 2i:Kt6:i: iacTt# «5„ 
[0 0 2 6] a-±o J: 5 l-» 9 Wte ^ t Hi o H 

ffidicenwwffi 9 <onnEttit»^^ibfflir— ^ 6 cot- 

[0 0 2 7] tfclc. ±|B^J:5«-*fiKS*xft:BB«E]tefi" 

*Mfr*tMci 7. rtt$t»2 4HtTRffi«2 
l dS0f3e<O[E]eaft-e[eHBi-So *rOgg. ft**** 2 
4 'Sr ft* \Z -T -6 £ <b \z X o T tt&lt l-JS T «Bfi"f 6 i 

tds-efr. /j^fflo*— #-c*#* h/^^t^s: 

T. A^]^7W3 2(OPlSW3 4^Affffl|:j: ^ 
If -To -tHinJ: 9.' A*^T«ltt3 2<^nffilH<aS3 4*s 
5lttWLT, *H&3 51iWfi*7«m3 7Cr>rt#3 6 

ffl*^Tffl«3 7-liA*^rffl«-i:(0#«tS^»t. 

t±i^i^rgis*rtD#^^z o ^i-^<h. «atb« (z 
so o-Zi) /Zoi/i!), *:#4«*tfcS:»SCi:dST-. 
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#£ 0 

[0 0 2 8] *0>fc«>. flMB<att#***-rt#*«* 
ft«j^*»* /J>£ft*— *X-J: 9* if ft 

[0 0 2 9] *fc< WE«a«Wltt. fflA^TWtt^R 

WlWlit««o-C J: 9 *fflt*»»«*»b*u ft 
{Sl/^T, *HHc|HPrt*B.oSttt>*ftV % - tf'ot, » 

[0 0 3 0] * — *tt:7Ur- "Cfc* 

<ox% wsuftr^f-*^-- *£ts:ttft< Tts ©effift 
fcMKflWi"*'- *#ftAW*BfrSffi11W* 

^tlt»r6^1!* s ft<"C*^*/^--«:H6ri:^ 

a*x# . lo@(B«tifi*:*ilo-^tt*>* c ^* 

[0 0 3 1] HI 3 lis KEMBBBflS^tt 
wjtlt*«*:*-rc «TlE§)51K«IBi:W*ft»WI-tt- W 

X, ^-f 5 H:J:»^ hfiiiWMrtli* Lt 

tek BP*>. ^-*^&;>3«i5 lfctfrttS^-y 5 2£ 
H*U R®$6 2 l «0T«i:i5EUfc/-y 5 3 ^<DP*1 



10 

SJ:5l-ftoT^5o ^T, ^ErO^&fi. 7"- y 5 3 
Sr^-y 5 2 £V&X\z-fZZ.k\z£^X\g.&tttZ!&Z 
tSfflt6^t^t#, /hffi*«---*-C:fc*ft h^fc 

[0032] ft*s, *3lJ6«-ett, |g«jfiijr-A(i5fe^ 

*5HgsttT^6„ Sot, ^e— ^ttf*B8«5lH]ee»il» 

HJ6«iBx-tt. 2 «bjll (Htfi2i) 

^#4h^^#6^t^6o ft*3> 5 8(ig 

& aa * > *- x- te a o 

[0 0 3 3] *58IH<0#BB«o#$/ h<z>»JW*jfe 

M£o^xsi9ii-<5. B4f**3Kw.w#Hffc2# 

[0 0 3 4] ^ftilJ^A^ #if-^^7 0, 

30 Xtt^~#- K»^^«I*J»A*«»7 3 frbm&Zti- 
X^^o »f-^^-^ 7 OlClinr^^/ HC&Kft{£ 

3S*fTfc*6fc*^ai»fiii^*ftfc^*5«« • 

40 K*<o*3e*« *«*>a. ^ux, m^-ra^^^ 

— ^-<— ^^rROM>ft:L.Xio< r tCtot, S^cq^ 
tt<o*rtfeW-«* (Of^JKfe^— #^<— WUi UX 

[0 0 3 5] ftq£f-H®3^7 1 ti. *BB«n#y 
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©Lit 

t«»7 2l:«^t6c ttit***«7 2tt v »***t 

[0 0 3 6] ^sfcTaU-^SBtti. M«^7 2 
Jfc* * H«> ^ #ga^a 7 5 , ^Sfeft ^SotM** 

0, @tGiglt8 1, 31^3-^8 2*^t>ftSB8«¥ 
/l^ir^f-8 7 x ^^ir^-^8 8, Ktyt8 9^ 

U?Mffl5^Sfl-S^a 7 6 Srlfchu a ^ K©WT £ 
£rfT b CPU, RXfWW^—f^— ^t)iiti^ 0 
[0 0 3 7] H0 h/i'*#E*«7 5Mf*, ^tf)^— * 

tyhl « 
if it, HHB»#»KdSR* 31 — a*0JMfc ^fi&tf 
5SffcOfM«3e»4». #H«@#^7 f -^'t-K<5< Hi® h 

[0 0 3 8] #B8«-m* HflS h^3iS^»a>?>tf>£ 

<mmmw) - #t-#r>r s 4 1* ttt -#*-^ 
«-8i-e«iH*tu *ottm**rtta«»M^«^7w 

yn-y8 2iaotfttii^n, ftS*J»*fl!8 

[0 0 3 9] *<D[n]$tel£<fc>5£-T- 
ixCDSKi^lS'&^^X 31 ^ Yx-7=.9 9 8 6 j&s^»rr5 

as, 3i> k^^ 7 ^^^ 8 e^Bb^^^tbi^Kft^nr^ 



12 

8 9T*ttttlSttT. BBffl h/w*5WB^&7 5\ RtfBlffi 

[oo4o]ir»^cii > s^^9o, mm* 

(H4KttB*ttftV^ . ttit4j«*a-7 2 <D ft 

£SK> #BB«od? y ^R(Bttli:»lT3*Sttt 

[004 1] EJLLfl) X b tei/x'r&frbteZ&n 
20 7P-ft-hia^)RWt5« fls*a*Htt&£*x*4:* 

2) o fltM^*St Utli> 2tefcfc*tMi*fflMfc 

**"rs-(^y.^4) « ^tt, mmtkwxftnm 

[0 04 2] £JL±o J:.5 f^**t*«DRt5l»**^ffi 
40 « Six* fctt«*«»lc»^V^ f^Hlft 

®^R(c*3V^Tff*«-iii^ac*SlxS (*^y^5) . 

^-^^-^jc»*$lxT^6iM»ftfc6V^f4^«)*k^ 
Sixri^7r>r/Hi*ift*ix-c^5fP*rt* (ftic. 

S:tt-»LT:WJ«*«r»* (^7'^6) „ -t<ot#, H 
•««*»fe»felxfcl»**«:ia»f* J: 5 fc*j6ft»* 
so ttil«:*«-*-6o 
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[0 0 4 3] Ulii*jat* s ft**tSi:*7-fe!x hdHEBQffi 

«oi*3KH»fcH-»i"* Uf5/^8, 9) o -fcttKS 
[0 0 4 4] »m*»T-rZt..-^9c<Dt)/h'i'9& 

-rz ufs//i3, 14) tm^ tt<nfimmm$: 
5) o ^tt, ^9t<nfaw.tftmtmfe<om^te<>t^ 

ur^i 7) o mmz., mh\.tz.^<DmmK * 

8) o 

[0 0 4 5] «±fi* **Wiw-*3fr6#BB«c^y 

[0 0 4 6] ^rT\ *«W-Ctt, ±lBHjHjS*«fffi"r 
[0 0 4 7 ] ytWi^fe 



14 

^-^^-x{kU-Cio< /p Fx 

[0 0 4 8] »3Ci-5*^o (£lll^ 
p 5/^(-»tt^S^I-^S**H«^«^lHl«s* <btel 

^f>5Rfeer t*5-C#-5, El^^T'fi. StePS5 4il 

[0 0 4 9] f^*««dS^ciy^***l-^^«> 
Si^I&tfM-BS-r £ 7 - * 7 £P*tftti UTS tb»J»i- 
uy9%UttttXYEm*?t5J5&*bZ>o 7w9 

<Dmttt>ik&. mm. mm. mmto&m&b*)* t 
[0 0 5 0] ^>b^7~9 9&f\mmm i &&-tz>y 

fcftaHWBUI-J: Uf^*tHffl*AJBUTgiblftf^i-5 

R^yn y9ftX<Dfflh1£ftX*>Z>fr 

[ 0 0 5 1 ] ^ h IZ S 7 p y 9 ftX<Dfm&±&.V> X 0 

izfcftbthtzitm (mz.&. m&fc. miim. 
tmmm x*>ti&, /ps/^fi^irt^^it 
^-z^-Mt^xtertte. mfmm&<D'7vy9\zm 

y9^<D^^mX<D^mT^^n&^^(DX\ V s — 
fMRb-r. 1&<D7uy9Xi>1g&^Xtiim-rZ>Zt& 
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[0 0 5 2] ©*BB«^-*y vv-tqc 

^/<-7,ROM10 1, ^S)MROM10 2, CPU1 
03, IiS-f^^7o:-^l 04$:f L> jifH&HESrtfi 

[0 0 5 3] *rLT. **ifc«tt-ef4#BBtW»*^^« 

^mt lx. m&m^mt^m i o 5 tmwm-sm i 

J;oT, SB^i»7 f -^^^^^^iWffl-S 20 

[0 0 5 4] -7u*/#Wtt<r>%&. El 7 t^^^ic^-r 30 

Htt#«-W*«J-fiBU^oftC-i:t!iJ:oT, #H 

^py^«^S<5<ttil^tT^IBi:ft*. * 
fr, te<^J: 5ft 54aofc»#*S*S4»^li> - -BB'JfS* 

-*0«ffldMS<ft!K *»aS*r»i«)*wi:dS-C#. 
^S£ft»#£;*^— **t-£-# 5- fcj&VC# *o 40 
[0 0 5 5] £A_bf2< *-^#B8«nsKy h-CiWMrfT- 

tit, HHftoosKj/ hJ&s#»LTft^*m^*-£ 

[0 0 5 6] 

^<ofi|»*fe«c itttf. «fc 5 ft»3B«ftJ»***-r 
6o ♦Sfloms' UsHEBBfflli.. ftim»>*& } J 



16 

*ft»»"C^ K^7** *<Dj£W»J®HT-^t#5£ft 

ftoT^6<OT% /jNS^R» ; E~^*«fflt'"C«t 9 3fi<^ 

^ t oT»»K*M-C.*> 5 . /J«B*-C * 9 ^ o - K 
fttt«*»l^*s^lBftK«iBft#BB»n#sf h£r#6 

[oo57] s s>fc, ^e>«ffEiiHBBB«e»«» 
[oo5 8] *fc/tfHB*-^«:*^3-^atFBMBa 

g^^-»lcfto^w-^f+#^-^«r«« , r* w t 

laot, ^u-^r*»*«j«r«WJftr^^*3i- 

*£i&3S£ Lfti^D-C, fMMfcSAtrMti" 6 i kft 
[0 0 5 9] *a5M^#BB«p#y htt^ Msj 

tc^$tt*w^^ft<«Sl^ix5^e>x 

^flf pJIB fc ft 9\ —a k #JB jfcfc»B"-C* * n # ^ 

[0 0 6 0] **IB<o#B8«o# y KOSB«*ft(s:J:*x 
tf. T-A*n»tfttb**ri-6«B*n*5f h.-CfcoT 

[0 0 6 1 ] Hl*aai OO^WlCcttttf. W^flF 

ny^-et*^ *>5t^ttBi«p*:JB/h •4£*:UTiiffl'r 

&Lxumtf®%x&mt-rz>^t&x$z> 0 tit, 
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18 



»#*1 l<D%W(D£?\z, 7* v?&7FJjfeb, ftM 
[0 0 6 2] Sibtr, §t#^l 2<DftWlz£ti& > *g| 

[0 1 1 **W^ilJfi»ll8^«6#Bi«o*y h<PfE3g 
[0 2] *^^HJ6^ffi»^-5#B8ffl5n7Ks/ hot7 

[03] ^5m<Dfe<nnffi&1&\^&Z>&ffi9bK&y h<o 
*7My HIe](EnSi5&^-r-»ttWiEffiH-C*>S. 
[El 4] *»M<^lllft»lBJw«-5#B8tBci#y HIM* 

[H5] ^^ftlr^t^ p - f t - h Tfc^c 

[0 6] *»BO*l««M5*»»o#y h»J#P# 

[0 7] hl7 — ^«^M^0T^5« 



5 ittflT-* 

7 'timwr-j* 



2 r— ^ 

4 y 

6 SESHBIT- 

8 ^e—^j-^ 



11. 8 0 ^e— * 

13 *y s^y ^ 

1 6 [HJ3teo£^ 



2 0 Xf-^^^v^y^ 
10 2 2 WiI?L 

3 0 p— ^n^V^ 

aw 

3 7 ffl**TSM* 

5 o ^e— * 

5 5 TsT — Z'^Wslf 

20 5 8 
— J* 
7 1 

7 3 
*«' 

7 6 

8 1 

>^ 

i o o wtm 

30 ^^-^ROM 
10 3 CPU 



1 0 ^e—^^r— 
12,82 

1 5 MiSTL 

1 7 

21 RfiSWi. 

2 4 F*9®4*« 

3 2 A^=¥7 

4 0 xy^y 

5 4 ^ ^ > 

57 ^—*m 

7 0 
7 2 

7 5 Biffi^iB 

7 9 mm 

8 4 u— 



i o i mm^- 
104 ana-r > 



[06] 
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l®5] 



START J) 



1 


r 1 










[ftfflBl ¥f£l 3^-2 M 2 2 0 (2 0 0 1. 2. 2 
2) 

[**MjE 1 ] 
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[R«9 2] tttummmtt&mmmAK 

llB«co*H«i3#2y ho 

t* i o*^v.^?)4**Wei!)«ii:J: 9fi»S 
o-C^-5»*3S3fE«^>#Blffit3^^ ho 

«»^J: Dett*ttr*6»**lXtt2E*^#B8« 
ho 

^faft**fB*^*l»« D tf * ho 

- * ^- x J: t) t«u $ titc zf p j/> # I- 



7ny h^<— v?<oj&# 

(72)36 W# UJP 5b 

#X*0fiRrfj3fc* 2-2-3 -705 



1 0 1 #B8«nsKy h«StfcoX, 



F<?— 3F059 BA05 DA02 DA03 DA09 DB04 

DE01 FB05 GAOO 
3F060 BA03 GAOO GA13 GB02 GB24 
CB25 GB26 GCOO GC01 GC03 
GD07 GD14 HA00 HA02 HA03 
HA05 

5H269 AB33 BB01 BB05 BB19 CC09 
EE03 EE 11 GG02 JJ02 JJ09 
JJ12 JJ20 KK03 NN07 NN18 
QC01 QC02 QC10 



